Abstract -This paper introduces a novel method of on-line identifying the stator resistance and leakage inductance of dual three phase induction motor (DTPIM). According to the machine mathematical model, the stator resistance and leakage inductance can be estimated using the voltage and current values in harmonic subspace. Thus a method of voltage vector inj ection in harmonic subspace (VVIHS) is proposed, which causes currents in harmonic space. Then the errors between command and actual harmonic currents are utilized to regulate the machine parameters, including stator resistance and leakage inductance. The principle is presented and analyzed in detail. Experimental results prove the fe asibility and validity of proposed method.
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I. INTRODUCTION
The accurate knowledge of stator resistance is important in speed sensor-less vector control [1] and direct torque control (DTC) system [2] , which relies on utilization of an induction motor model and requires almost all the motor parameters. The mismatch between the actual value and value used in the speed estimator and DTC system may lead performance deterioration and even instability [3] . Besides, the stator resistance changes significantly with operation temperature. Therefore, an algorithm for on-line identification of the stator resistance is needed.
The available on-line schemes include steady state model calculation method [4] , model reference adaptive system (MRAS) [5] and artificial intelligence techniques [6] . All of them designed for the three phase induction motor can mostly be used by the dual three phase system. However, this paper proposes a special method only applicable to the dual three phase induction motor (DTPIM). By injecting voltage vector in harmonic subspace, a clockwise rotated current vector can be detected by transforming the stator currents to harmonic space. Thus the stator resistance and leakage can be calculated. Experiments are carried out to validate the presented method.
II. PRINCIPLE OF VOLTAGE VECTOR INJECTION METHOD
A. Mathematical model of DTPIM The voltage equations of the machine in the a-fJ-z\-Z 2 -0\-0 2 reference frame can be derived under the fo llowing assumptions [7] :
1) The distribution of machine windings is sinusoidal.
2) Flux path is linear.
3) Mutual leakage inductances are neglectable. The stator and rotor voltage equations in a-fJ subspace are:
In equation (1), Rs and Rr are stator and rotor resistance, Ls and Lr are stator and rotor inductance respectively. Lm is mutual inductance. OJr represents the rotor electrical angular frequency.
The stator and rotor equations in Z\-Z 2 subspace are:
In equation (2), L,s and L'r are stator and rotor leakage inductance respectively. The equations in 0\-0 2 subspace are unconsidered, because the currents in this plane are zero due to the isolated neutral points of two windings. While the transformation from original six-dimensional space to a-fJ-z\-ZZ-0\-0 2 space, it should be pointed out that the fundamental components of the machine variables are transformed into the a-fJ subspace, which is coincide with the air gap flux rotation plane. These variables produce a rotating MMF in the machine air gap and thus the electromagnetic 978-1 -4799-1447-0/13/$3 l.00 ©2013 IEEEtorque is generated. Harmonics with k=6m±1, (m= 1,3,S, ... ), i.e., the S t h , 7 th , 17 th , 19 th , ..
• harmonics, usually caused by dead time effect and over-modulation strategy application, are mapped into the ZI-Z2 subspace, which is thus called harmonic subspace. As ZI-Z2 space is orthogonal to a-fJ space, the variables on this plane are non-electromechanical energy conversion related. From equation (2), the stator resistance and leakage inductance can be calculated if the voltage and current values in harmonic subspace are acquired. The problem is how to generate voltages in ZI-Z2 harmonic subspace.
B. Switching Vectors of Dual Three Phase Machine
Define the switching signal Sx of phase x (x=a, b, c, u, v, w) .
If Sx= l, it means the inverter upper leg of phase x switches on; Else if Sx=O, it means the inverter upper leg of phase x switches off. The switching vectors in a-fJ and ZI-Z2 subspace are calculated as below:
Where Ude is the DC voltage, T6 is the transforming matrix:
Thus the switching vectors can be plot in a-fJ and ZI-Z 2 subspace as shown in Fig. 1 . Here is a deduced conclusion that the switching vector of DTPIM is composed of switching vector of ABC windings and switching vector of UVW windings. For instance, the switching vector V 100 100 is composed of V 100XXX of ABC windings and V XXX 100 of UVW windings. The 'XXX' is '000' or '111'. That means the reference voltage vector in a-fJ or ZI-Z2 subspace can be decomposed into two reference voltage vectors of two three phase windings, thus a traditional pulse width modulation (PWM) method of three phase induction motors can be applied to simplify the control program.
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C. Voltage Vector Injection in Harmonic Subspace
Suppose the reference voltage Vr e F( usa ' , usP ' ) on a-fJ plane is calculated in the motor control system based on the operation condition, including rotor speed, electromagnetic torque, and flux and so on, it can be decomposed into the vector Vabc and VIII' IF' which are reference voltage vectors of ABC windings and UVW windings respectively, i.e.: According to the PWM strategy of three phase machine, the adjacent switching vectors can be chosen as shown in Fig.2 (a) to satisfy equation (6) . T" T 2 , T3, and T 4 are the instants of switching vectors V 32 , V 48, V 4 and V 6. Ts is the sample period.
VI/ I'IF T; = V 4 To, + V 6 T 4 (6) Once the switching vectors and instants are decided, the equivalent output voltage vectors of inverter in a-fJ and ZI-Z 2 subspace are fixed. Noticed that V 32 = V 32 ', V6= V6 ', V48 and V48' are laterally symmetric, V4 and V4' are vertically symmetric. The reference voltage vectors of ABC and UVW windings in ZI-Z2 subspace are composed as the below equation:
Finally the output voltage vector Vz lz 2 in ZI-Z2 subspace is composed by Vabe' and Vuvw'. 
The reference voltages of two windings combining equation (S), (9) and (10) as below:
The control diagram of the voltage vector illJection in harmonic subspace is shown in Fig.3. T( e o ) is the clockwise rotation transforming matrix. eo is the space angle between two windings, which is 30 degree in this paper.
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TIT. PARAMETERS ON-LINE IDENTIFICATION METHOD
A. Stator resistance and leakage inductance on-line identification method The stator voltage equation in ZI-Z 2 frame is transfonned to synchronously rotated m-t frame as shown in equation (13) The geometrical relationship shown in Fig.4 gives an intuitive grasp of the idea that the impedance angle could be adjusted by the actual value of harmonic space current in t axis. A PI regulator is utilized to adjust the tangent value of impedance angle in equation (18). 2) If ism > ism' , then Rs > Rs ;
3) If ism = ism' , only if Rs = Rs ; Similarly a PI regulator is utilized to adjust the stator resistance value by the error of actual and reference value of harmonic current in m-axis. The equation is shown as below:
The diagram block of parameter on-line identification is shown in Fig.5 . The ism' is the command value, to control the magnitude of the current in harmonic plane. The ism and is, is transformed from the six phase currents by matrix T6 • The USZ I ' and Usz2' are calculated in equation (14) utilizing the estimated value of stator resistance and leakage inductance. Then they are used to calculate the reference voltages for ABC and UVW windings as shown in Fig.3 . 
B. Dead-time compensation strategy
The distorted voltage caused by dead-time effect can generate S t h and i h harmonics in phase currents, which will be transformed into ZI-Z2 subspace. That degrades the dynamic and static performance of parameters adjusting regulator. Thus the dead-time should be compensated.
As known that the estimation of current polarity is very important for dead-time compensation, especially around the zero-crossing point, thus the currents isa and is{J are utilized to reconstruct the fundamental wave of six phase currents.
[
Because a-fJ subspace mainly contains the fundamental part of the signals, therefore the calculated currents in equation (2 1) is approximately sinusoid. Then the current polarity could be judged as below:
C. Current command in harmonic subspace
There is a problem of the dead-time compensation method mentioned before: the waveform of reconstructed fundamental phase currents will be distorted if the relative angles of six phase currents change due to generated harmonic current Izlz 2 . That will deteriorate the dead-time compensation performance. Thus the current Izlz 2 in ZI-Z2 subspace should be controlled to maintain the phase position of phase currents.
Suppose the output currents of DTPIM after applying the proposed voltage vector injection strategy are: Where y is the angle of Iz I z2' , y=arctan(is z2' / is zl *).
TV. EXPERIMENTAL RESULTS

(27)
To evaluate the fe asibility and validity of proposed method, the tests are performed on a dual three phase induction motor with rated power 2.SKW and rated speed 1000r.min· l . The TMSF2812 DSP is used as main control processor and the switching frequency is S KHz, DC link voltage is lOOV.
The diagram block of DTPIM control system utilizing the proposed VVIHS method to identify the stator resistance and leakage inductance is shown in Fig.6 . Fig.7 shows the current waveforms and harmonic analysis in ZI-Z2 subspace. It is clear that the S t h and i h harmonics are
,------,---_ sgn isa eliminated since the dead-time compensation strategy has been fe asibility and validity of proposed method. applied, which can improve the accuracy and stability of identification method. In this paper, a novel method of parameters on-line identification of dual three phase induction motor is proposed. By injecting voltage vector in harmonic subspace, the stator resistance and leakage inductance can be estimated fa st and accurately. This method relies on none of the other parameters of machine such as rotor resistance and mutual inductance, and the dead-time is compensated to improve the identification accuracy. Besides, it is easy to be programmed and installed in control system to improve the control performance.
